Objective. The aim of this study is to describe the experience of developing key performance indicators (KPIs) for Sydney Children's Hospital Network (SCHN), the largest paediatric healthcare entity in Australia.
Introduction
Healthcare providers face an increasing requirement to demonstrate the provision of safe, efficient, high-quality care and to use data to drive improvements in service quality. Despite an explosion of indicators for measuring health care performance both in Australia and internationally, developing a coherent and effective approach to performance measurement and quality improvement poses many challenges. 1 These challenges include the clustering of existing indicators around a limited number of conditions and healthcare settings (e.g. surgical complications, critical care settings), implementing efficient and reliable data collection systems and using the data to effect meaningful improvement in health outcomes.
The Sydney Children's Hospitals Network (SCHN) sought to develop a portfolio of executive-level key performance indicators (KPIs) for the organisation, a tertiary paediatric service across two campuses in Sydney (Westmead and Randwick). The two campuses recently merged into one organisation, making SCHN the largest paediatric healthcare entity in Australia, with 50 000 in-patient admissions, 96 000 emergency department presentations and over one million out-patient occasions of service each year. 2 Both campuses function as tertiary referral facilities with population health responsibility for the surrounding local government areas in collaboration with the Local Health Districts.
The guiding principles for SCHN were that the KPIs must meaningfully address its mission statement, 'Working in partnership to improve the health and wellbeing of children through clinical care, research, education and advocacy', 2 and that they drive improvement in child health outcomes. The organisation defines 'children' as less than 19 years of age. As per Porter, 'outcomes' included measures of health status achieved or retained and those occurring in the process of recovery.
3 KPIs addressing quality of care for children from priority populations (Aboriginal and refugee children, children with eating disorders, mental health conditions, disability and chronic diseases, and children in out-of-home care) were prioritised. Ensuring equitable access and a high quality of care for these children is consistent with the SCHN strategic plan 4 that has a strong equity theme. Furthermore, in line with the mission statement, focusing improvement efforts on the variation in health outcomes for priority populations may lead to particularly significant health benefits for this group of vulnerable children (e.g. reducing the variation in child mortality between Aboriginal and nonAboriginal children). 5 This article presents the process of KPI development and some practical insights gained in the hope that they will be useful to other organisations facing similar challenges.
Methods
A schematic diagram of our approach, adapted and expanded from a published methodology, 6 is presented in Fig. 1 . Phase 1 was identification of the core goals of the organisation through reference to the SCHN Strategic Plan (2012-2016) 4 and then developing a list of potential KPIs. Two authors (CE and KZ) conducted a review of performance measures from comparable national and international organisations, state and federal government policies and data-reporting agencies such as the Australian Bureau of Statistics, Children's Hospitals Australasia, and New South Wales (NSW) Bureau of Health Information. Two authors (MB and CM) supervised an internal organisation review of KPIs in current use. 7 A highly inclusive list of potential KPIs was identified including KPIs required for mandatory government reporting through SCHN's Service Agreement with the NSW Ministry of Health. 7, 8 Phase 2 involved pragmatically consolidating this list to a more manageable number by deleting duplicates, poorly defined KPIs, those unable to be measured and those not addressing the strategic plan. KPIs were classified as 'Structure', 'Process' and 'Outcome'. 9 Structure is the environment in which health care is provided, Process is the method by which health care is provided, and Outcome is the result of the care provided. 9 Structure, Process and Outcome KPIs are required to understand not only the effect (outcomes) a service is having on the health of its population, but how it is producing those effects. 9 During Phase 2 there were no suitable Structure KPIs identified. A pragmatic decision was made to continue to develop a suite comprised only of Process and Outcome measures, with further work on Structure KPIs to come at a later date. Phase 3 analysed the potential KPIs against selection criteria, which included that KPIs be relevant, reliable, valid, cost-effective, precisely defined, interpretable, stratified for risk and attributable to the provider. 1, 6 KPIs were preferred if they addressed an area of high risk, high volume, were a particular priority for the organisation and/or would be suitable for benchmarking internally or externally.
In Phase 4, the performance measures that met all criteria were mapped back to both the Strategic Plan and management structure to identify gaps and to ensure that the proposed KPI set was a balanced portfolio reflecting the breadth of the organisation's goals and activities. SCHN's executive and clinical directors, comprising 35 medical, allied health and nursing managers, provided comment on the KPIs relevant to their area of responsibility. This process identified a small number of additional meaningful KPIs, clarified the data collection systems already existing and how they applied to the proposed KPIs and ensured that all mandatory KPIs were included.
Phase 5 presented the proposed KPI set to SCHN's executive and clinical directors to consider KPI practicality and the extent to which they met the organisation's reporting needs. Members were asked individually to rank the entire suite of proposed KPIs to assist the group to identify common measurement priorities across the organisation. A key objective for this stage was to ensure stakeholder traction so that the data collected would be considered useful and acted upon. After a period of review, including a second opportunity for novel KPIs to be introduced and developed, 50 potential KPIs were presented to the 35 members of senior management for prioritising. Each person was asked to rank their top 10 KPIs by allocating points from 10 to 1 (10 points for the most important KPI, 9 points for the second most important etc.). KPIs were then ranked from highest to lowest by their aggregated score.
In a separate and parallel process we identified a unique subset of indicators that disproportionately affect vulnerable children, 10 including key outcomes such as mortality, child development and potentially preventable hospitalisations. For some important determinants of child health, no measurable KPIs existed. These items were retained as 'aspirational KPIs'; further work is required to develop them as performance measures.
Results
The process (Fig. 2) identified 328 potential KPIs relating to children's health and well-being from local, state, national and international documents. This included 60 KPIs mandated to the organisation. In addition, SCHN had an existing list of 397 performance measures that were currently being used at different levels of management across the entire organisation. These 728 potential executive-level KPIs (Phase 1) were reduced to a pragmatic set of 98 (60 mandated, 38 potential KPIs) during Phase 2.
The outcome of internal and external KPI reviews and consultation with directors that occurred during Phases 3 and 4 identified an additional 12 KPIs, so that the initial proposed set consisted of 60 mandated and 50 potential KPIs. In Phase 5, 18 of 35 (51%) executives voted on the 50 potential KPIs to rank them in order of perceived priority for the organisation. Two votes received were not in a valid format and could not be counted. One of the senior executives voted for more than 10 KPIs; a pragmatic decision was made to include all these votes.
The top 20 KPIs as voted for by the executive formed the suite of KPIs to be introduced across the network ( Table 1) . Thirteen of the 20 KPIs (65%) are process measures and 35% are outcome measures. A representative sample of mandated KPIs is presented in Table 2 (groups of KPIs examining the same process or outcome were consolidated for clarity); 29 (80%) are process measures and seven (20%) are outcome measures.
The KPIs for priority populations selected to highlight inequities had proportionately more outcome (44%) than process (27%) measures; 27% of these were not yet able to be measured and were thus 'aspirational' (Table 3) .
Discussion
The process of using KPIs to drive improvement for any organisation requires: (1) determining the organisation's core activities; (2) selecting meaningful indicators that measure performance in the core activities; and (3) identifying variation in those indicators that is significant.
Determining SCHN's core activities
The initial task of performance measurement is defining the activities and outcomes that matter most to an organisation. This approach helps avoid the potential pitfall of only examining performance that is easy and cheap to measure, which risks undervaluing important aspects of a service that are more difficult to measure. Prior to the process to develop a KPI suite, SCHN had developed a Strategic Plan (2012-2016) that included four high-level outcomes and five key strategic areas, with core activities specified for each. 4 The key outcomes for the organisation were excellence in clinical care, research, education and advocacy. The key strategic areas were quality and safety, people and leadership, financial sustainability, infrastructure and technology, partnerships and networks. 4 This framework was used to identify potential KPIs in Phase 1, and to ensure that the proposed suite of indicators was balanced across all core activities in Phase 4. It was also the reason to develop a separate list of indicators for priority populations: those children who particularly require and/or stand to benefit from the organisation's stated key outcomes.
Selecting meaningful indicators
KPIs are often classified as measuring 'Structure', 'Process' or 'Outcome'. Ideally there is a strong evidence base linking individual Structure and Process KPIs to specific Outcomes. In practice, however, evidence is often lacking or based on low-quality or purely observational studies. 11, 12 Consistent with the literature, 13 only a small number of KPIs identified in this process were based on high-quality evidence,
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Mapping against selection criteria, strategic plan, and senior management consultation and these did not adequately reflect the breadth of performance that the organisation considered important to measure. Conversely, the very large number of KPIs with incomplete or no evidence meant that a framework of agreed priorities, a list of desirable indicator attributes and wide consultation was needed to reduce them to a manageable number.
Structure
Structure KPIs provide essential context for evaluating Process and Outcome KPIs. For example, the number of sinks on a ward (Structure) could affect the handwashing compliance rate (Process), which may affect hospital-acquired central line infections (Outcome). Structure KPIs alone are not sufficient to assess the safety and efficacy of an organisation because their presence does not ensure that appropriate processes are performed or that satisfactory health outcomes are achieved (i.e. simply having sinks does not mean that hands will be washed).
14 Our decision to exclude Structure KPIs means we do not know whether the processes and outcomes measured are affected by structural characteristics of the organisation, such as buildings and clinical spaces. This was a pragmatic decision in order to focus resources on an achievable suite of KPIs at the end of this current process. In the future, evidence-based Structure KPIs that link to the existing Process and Outcome suite will need to be identified.
Process
Process KPIs are most commonly used and are appealing because they are more easily measured, attributable solely to the organisation and can evaluate different steps in the provision of care. In a recent review of more than 600 performance measures for children's health care in the UK and US, 1 97% were classed as Process KPIs. Healthcare organisations typically provide Process KPIs to funding agencies, often with incentivised targets, without necessarily achieving improved health outcomes. In contrast with Structure (e.g. number of sinks) or Outcome (e.g. bacterial infections) KPIs, Process KPI definitions and measurement (e.g. handwashing compliance definition, audit tools) are more prone to change or be inconsistent between organisations, which can make meaningful comparisons challenging.
Consistent with other published reviews, 1 the final proposed suite of KPIs for SCHN consisted largely of process indicators. Although the guiding principles for SCHN were that the KPIs meaningfully address the mission statement and drive improvement in child health outcomes, this mix of KPIs reflects reluctance to rely solely on outcomes that take time to reflect change and are complex in terms of attribution.
Outcome
Outcome KPIs assess the most important effects of a healthcare service and can usually be compared over a long period of time. However, they can be difficult to measure and interpret because multiple factors both within and outside an organisation may contribute to a single outcome. Buttigieg et al. 15 identified 12 Structure and six Process categories of factors that had an evidence-based effect on just a single commonly used outcome: hospital length of stay.
Outcomes of interest may occur in small numbers such that trends are difficult to discern (e.g. child mortality), not be wholly attributable to the organisation (e.g. all factors contributing to the mortality rate in children are seldom under the jurisdiction of a single healthcare provider) and may not reflect some important aspects of performance (e.g. failures of healthcare provision, such as drug errors, do not always lead to an adverse health outcome). Most importantly, they do not necessarily reflect what matters most to patients. If health outcomes are exclusively relied upon to evaluate service performance, then it can be difficult to identify which processes are underperforming if the outcome measure becomes undesirable. 11 The question of attribution of responsibility for the Outcome KPIs has been interesting and difficult to address. Many of the top 20 KPIs voted for by senior management are important local population health outcomes, such as infant mortality, obesity and developmental outcomes at school age. Not all the indicators are necessarily collected by the hospital (e.g. Australian Early Development Census 16 ) but could be reported within the KPI suite. SCHN has shared responsibility with Local Health Districts and other health and non-health organisations for these outcomes, making the KPI difficult to interpret from a qualityimprovement perspective. However, not reporting these significant health outcomes means that the organisation does not have a regular mechanism for reflecting on the health of its local population and SCHN's role, however large or small that may be, in ensuring optimal and equitable population health outcomes. Advocacy is one of the four key outcomes articulated in the SCHN Strategic Plan, and undesirable variation in local health outcomes may lead to specific advocacy on that issue that would be overlooked if the variation were not identified. Furthermore, it is critical that the network does not exacerbate inequities in health outcomes through its models of care and service provision. 
Identifying meaningful variation
Seeking multiple measures and assessing the variation between them is necessary to provide context for an organisation's performance. Variation can be sought by examining the performance of similar organisations, repeating measures over time or by comparing different populations. Variation should be considered in the context of data definitions, collection methods and the internal reliability of individual KPIs, because these can all cause the false appearance of meaningful variation, both positive and undesirable.
Comparing populations for variation can be highly revealing and identify health inequity. Populations can be compared in a range of ways, such as based on ethnicity (e.g. Aboriginal vs non-Aboriginal), model of care received (e.g. hospital-in-thehome vs in-patient care), receipt of treatment based on guidelines (e.g. departments with antimicrobial stewardship programs vs those without), seasonal variation (e.g. winter vs summer admissions), shift-to-shift variation (e.g. weekends vs weekdays vs night shift), geography (urban vs rural) and many other factors.
Currently at SCHN, measures are mostly entered into electronic medical record software at the frontline clinical level and analysed at the directorate or department level. Data are available to heads of departments, directorate level and SCHN's board. These data can be analysed to allow for benchmarking. Observational evidence suggests that benchmarking leads to improved performance 17, 18 and can provide powerful incentives for change. 19 The current KPI suite is mostly used for internal benchmarking against other departments and directorates (groupings of departments) and between the two hospital campuses. We also benchmark against the Children's Hospitals of Australasia (CHA), a group of tertiary children's hospitals in Australasia that measures and shares a range of common KPIs annually.
Each outcome in the KPI suite is linked to relevant Process KPIs where possible, enabling managers to 'drill down' into the data if KPIs are reported outside the target range. The frequency of reporting has been set at monthly review at the directorate level, with inclusion of KPIs in individual director's annual performance appraisal discussions. This has proved highly effective in engaging managers in routine monitoring and early identification of processes requiring further investigation. Given the lack of evidence explicitly linking many Process and Outcome measures, examining clinical variation also highlights the need for more health staff to be versed in the interpretation of health informatics. Deepening manager clinicians' level of expertise and expansion of their roles to include high-quality interpretation of clinical variation is likely to improve the consistency of data collected, its interpretation and clinically appropriate responses, including not being overly reactive to short-term fluctuations.
Key lessons
The purpose of this process was to develop a robust suite of executive-level KPIs to drive implementation of SCHN's mission statement. The experience confirmed that for KPIs to create the opportunity for effective quality improvement, an organisation must be open to critical self-reflection, committed to improvement and have a culture that supports exposing the organisation's weaknesses. 20 Preoccupation with risk management, with measures that are mandated or that generate funds and failure to explicitly link process measures to outcomes that drive change are unlikely to result in health service quality and equity gains.
The process required time, commitment, wide consultation and compromise. Given the size and complexity of the organisation and the competing time pressures and other demands upon senior management, a clear vision of the desired outcome was required before commencing the process. Key to this was adapting the published methodology, referencing the strategic plan and management structure to identify key priorities, as well as ensuring compliance with SCHN's mandated reporting requirements. 4, 7 Key challenges were carving out time at management level meetings to discuss ideal KPIs and asking directorate heads to vote. Not all engaged with the process. Some KPIs are only attributable to specific directorates, which may account for the engagement rate in the voting process. In general, managers were more interested in mandated KPIs rather than outcome KPIs, which take time to demonstrate improvement, are not solely attributable to the organisation and were therefore considered a risk to take responsibility for. This experience reinforced how important mandated KPIs are in driving organisational behaviour.
This also validated our decision to develop a separate group of priority population KPIs in parallel with the executive KPI suite. This allowed work on KPIs for a core organisational outcome to progress in tandem with senior management deliberations while respecting the limited time resources available to managers. Not surprisingly, more than one-quarter of the proposed KPIs for priority populations are unable to be measured. We retained these 'aspirational' KPIs in the final proposed set to ensure they remain visible within the organisation and as goals to work towards. These 'aspirational' KPIs include a selection of key health outcomes as well as contributory health determinants (e.g. smoking and teenage pregnancy), stratified by known vulnerability factors that reflect the cumulative effect of social and health risks in the local population. These outcomes are not wholly attributable to SCHN. However, variations in the measures are likely to reflect equity issues that may be addressed by targeted interventions in collaboration with the Local Health Districts, other health agencies and/or through advocacy and research in line with SCHN's strategic plan.
To date, only a small proportion of the proposed KPIs are currently being reported uniformly and routinely across SCHN. Not all KPIs identified can currently be measured for various reasons, including that the data systems do not yet accommodate this or the measure requires additional definition (e.g. mental health access and efficiency). Implementation requires improvements in data collection and the development of a reporting framework. In order to reduce the burden of the data collection process on clinical staff, there is a need for more automation.
Nonetheless, this process has been considered successful. Current and aspirational KPIs are more visible throughout the organisation and more explicitly discussed at all levels, representing a cultural shift in reporting on performance and in being accountable beyond the clinical interface level.
Limitations
Although desirable, there was little or no consultation with less senior staff members, which risks losing the support of staff who will be relied upon to provide the data and ensure accurate reporting. The complexity of requesting, collating and interpreting front-line staff feedback from such a large organisation during a period of organisational change precluded us from attempting this. We acknowledge that the response rate of senior management executives in the voting process was suboptimal and may not be an accurate representation of the senior leadership. However, we did successfully engage the group of senior managers in the overall process, consistent with recent evidence regarding the necessary conditions to effect hospital-wide cultural change. 12 The absence of Structure KPIs is a limitation that will be addressed in the future.
Finally, there is significant risk in relying solely on a suite of KPIs to manage a complex organisation. There are many factors important to successfully achieving core outcomes that are difficult to measure, such as teamwork, morale and cultural competency. A useful KPI suite is necessary but not sufficient to lead the organisation to meet its mission statement. 21 
Future work
A systematic approach to implementation beyond the mandated KPIs, including KPIs that reflect equity and improved outcomes for priority populations, consistent measures that can be benchmarked within and across the network and other hospitals, development of meaningful measures for the aspirational KPIs, development of Structure KPIs and measurement of change in child health outcomes related to the development of this KPI process, is still required. In addition, there is increasing interest in patient-reported outcome measures but, overall, these have not been well established in paediatrics with the exception of some specific disease measures (e.g. cystic fibrosis and cancer). A validated suite of longitudinal patient-reported measures should be developed for general and specific vulnerable populations as a measure of health delivery success, in line with SCHN's core values.
Conclusion
Although requiring substantial time, effort, cost and organisational courage, a structured approach to performance measurement and improvement can result in a balanced suite of key performance indicators that reflect its strategic plan, have stakeholder buy-in and can reasonably be expected to drive an organisation to improve both the quality of care it provides its patients and health outcomes in the community.
